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(54) DetomttWe tube 

(57) Adeiom^etubehasaweJwt^conprises 
a nurrber of axial, toroidal or heical tubules which are at 
least partly deformed m response to deformation of the 



tube in radial and/or axial directions. 
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Description 

(0001] The invention rdaies to a d«tormattt tube. * 
(0002] * is Iciown from US patent spetfi^^ 
3.353.599 and 5.014.779 to Insert a cornjaated U» 
into t*> welbore of an underground borehole and to 
expand th • tube oownhole into a tubular shape. 
[0003] US patent epedficatfon No. 5,366.012 ots- to 
doses the expansion of a dotted pipe of w«ch the state 
open up as a result of the expansion so as to reduce the 
radial farces needed to expand the pipe, 
[0004] The use of slotted or WtiaJry corrugated p^ 
has tw> dfcadvantaoe txti the expanded pipes have a is 
(Med mechanical strength. 
[0005] Intematkx^patemapplcalk^ 
WO 98X10626 otedoses the expansion of an unstattfid 
cylindrical pipe by means of an expansion rnandret. 
(0006] AcSsa©>*ntaojoff»laitsf expa^ *> 
Is tat forces to expand the pipe are retattaly Npji and 
that the pipe contracts as a result of tie expansion proc- 
ess. 

(0007] It is an object of the present invention to allevi- 
ate the cSsadvantages of ihe taown techniques and to zs 
provide a robust and deforrnabte tube which can be 
expanded or otherwise deformed by using a relatively 
taw deform a tion force. 

Summary of the Invention 30 

[0008] The detormable tube according to the invention 
thereto cccrprisee a wal which k at least partly farmed 
by a number of tubules, wherein at least one tubule is at 
least party deformed in response to defamation of the 55 
tuba 

[0009] Tne deformans n^iworveflti^ 
change of the tubular shape of the tobutes, which 
requires prindpaty bonding forces which are signifi- 
cantly tower than the tension forces that are required to *o 
expand a tubular cylindrical pipe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in en axial or in a radial direction or 
in both directions. A radUAy detormatte tube is useful if 
the tube is for example to caused a* an oian^ « 
production tubing which la to be inserted Ira* a relatively 
narrow and irreouiarly shaped underground weftxra 
An axiafly detormable tube is useful if the tubefcapro- 
ductfon fner or tubing, a well casino orc^wdltutUar 
wbfch te installed in a cofTpac&ig reservoir wMore there so 
is a risk of bucking of the wel tubutars as a result of the 
compaction process. 

[0011] H a raolaDy detorrnabletube is required it is pre- 
ferred that the wall of tie tube is at least partly formed 
by a series of axial tubules which each extend In a dree- 55 
tion substantially parallel to a tongttucSnal axis of the 
tube such that upon a rectal deforma ti on of the tube the 
axial tubules are at least partly deformed 



[0012] If an anally deforrrtabie tobe is required ft is 
preferred tozt the waJI of the tobe is at least partly 
formed by a senes of torcxiaJ tubutes which extend in a 
substantially dreUar direction around a longrtuinal axis 
of the tube such thai upon axial deformation of tie tube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[0013] If a tube is required which is both axiaBy and 
radialy deforrnabJe, it is preferred that the wal of the 
tube Is at least partly formed by one or more heficaJ 
tubules which extend in a substantial helical direction 
wHh respect to a tongjtuclnal axis of the toe such thai 
upon deformation of the tube in a ejection which is ori- 
ented at an angle relative to a tongrtudnal direction of 
each of fie helical tubules, at least one of tie heScal 
tubules is deformed. 

[Q014] Tne tubules may be made of a metai. piastfc, 
rubber or other material end may be welded, brazed, 
bonded or otherwise secured to ad|acent tubules or 
other parts of tie wall of the tobe. 
[0015] Tne tubules may before expansion have a 
folded, cylindrical, da)^ orprisns^sfxepeandmay 
as a result of the expansion be untokJed or flattened into 
an eflipbcal, cy4indricaJ or prismatic shepa 
[0016] Suitably, the tubules contain at the outer 
periphery of the tobe openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surTOuncfing the tube. 
[0017] In that case the fluids that are squeezed from 
the Werior of the tubules may contain one or more 
cherrxcals, such as a chemical treatment ftutt or com- 
ponents of a liquid cement durry or uunsxxients of a 
curing agent which components are only mixed when 
or after toey have been squeezed out of the tubules. 

[0018] The invention will be descn^ in mwe detafl 
and by way of example with reference to the acccmpa- 
nying oYawings. in which 

Rg. 1 is a cross-axial sectional view of a tube both 
before and after ex pan sio n , which tube has a watt 
that ts made of a series of axial tubules which are 
cySndnca) before expansion and eKptfcal after 
expendon; 

Rg. 2 is a crocs-axial sectional view of a tube both 
before and after expansion, which tube has a wal 
that comprises a series of axial tubules which are 
prismatic before expansion and eUpbcal after 
expansion; 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wan 
that is made of a series of axial tubules which are 
et&pbcaJ both before and after expansion; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules end tie lube is 
folded into a substantia^ flat shape before H is 
unfolded and expanded; 

fig. 5 is a toogitudmaJ secboneJ view of a tube 
which compnsos a wol that * mad* of a series of 5 
toroidal tubules; 

Fig. 6 is an enlarged dotal showing the cyfndrfcal 
shape of three of the toroidal tubules that are encir- 
cled in Rg. 5; 

Rg. 7 Is a tongrtuolnaJ sectional vie* of the tube of io 
Fig. 5 after axial compre ss ion of the tuba; 
Fig. 8 is an enlarged dotal showing the elliptical 
shac*c* three d the taroicWtuc^^ 
dad in Fig. 7; 

fig. 9 is a cross-anal sectional view of a radiafy i « 
expandable tube conpristog six axial or helical 
tubutoe both before and after expevwkwofthetube; 
Fig. 10 la a cross oidaJ sectional view of an una* 
carded tube of which tie walconprisesaseriesof 
folded tubules which unfold Into a cywtfricsJ snape » 
during the process of expanding the tube; 
fig. 11 is a cross-ejdal sectional view of another 
unexpended tub© conf iguration where the wafl com- 
prises a series of toded tubes which unfoW into a 
cylindrical shape during the process of expending » 
the tube; and 

fig. 12 is a cross-axjaJ sectional view of an unex- 
panded tube which folds open during the expansion 
process and which ctynprises a tubule which acts 
as a plastic hinge and which is Rattened as a result so 
of tie expensfon process. 

Dejailfld descr iption of the invention 

(00191 Relern>igriowtor^1therelsshownatii5el » 
In a cylndrfca) wetbore or otier cavfty 2. which tube 1 
has a wet that is made up of a series of axial tAxies 3 
which are substantially cylindrical before expansion of 
the tube 1 and ellpticaJ after expansion of the tube 1 to 
an enlarged diameter, as illustrated by reference <o 
numeral 3B. 

[0000] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hyrJrauUc 
pressure **eirtenor4of Ihetobe 1. AsaresuHof the 
expansion process the tubules 3 are subject to a bend- 45 
fog process so that relatively low forces are required. 
[0021] If the tobufes 3 are made of steel or another 
metal toen ft is preferred tad the tubules 3 are sintered, 
welded or brazed together along the length of the areas 
5 where the tubules 3 touch each other. so 
[0022] If the tubules 3 have an impermeable wal and 
the tube 1 is used temporarily in the cavity 2, tor exam- 
ple to provide a ternporary seal, then the tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wi « 
induce the flattened tubules 3B lo resume their tubular 
shape, so that the tubal radial shrinte andcanbeeas- 
fly removed from the cavity 2. 



[0023] tr the tube 1 is to be used permanently in the 
cavfty 2, lor exan^lerf the tubal is to be used as a well 
casing, then at least com* of the tubules 3 may be tied 
with liquid components of a cement slurry or other cur 
ng agent such as a silicone gel and tie outer wall of 
tiese tubules may contain openings 7. or weak spots 
whk* are exported as a resurt of the e^ 
via which said iqiid cxxirponent s are sopeezed into the 
surrounding annular space 8 surrourrfr^ tie expanded 
tubal arid the 6o^ccmpc<>ertsrT« 
rtardened cement, silcone or other cured sealing com- 
position. 

[0024] Fig. 2 lustrates an afternative erTtxxfimert of 
the o^formable tube according to me Invention This 
tube 9 is also radially detormabie and comprises a 
series of tubules 10 which are prismatic l>efore exparv 
ttan and eflfcticaJ after expansion, as iuBtmtad by refer- 
once numeral 106. 

[0025] The tobutee 1 0 are arranged substantially par* 

■M to the tonprtueSnal axis 1 1 at tie centre of tie tube 

9. The tubules 10 are made of steel or another metal 

and are corroded to each other by Icnp/tudwd wetted. 

brazed or sintered bonds 11. 

[0026] fig. 3 shows yet another ernboclrnent of the 

deformable tube accorolng to the invention. In which the 

tub«12israc^c^forrT^ablearri 

tubules 13 wWch are effipbcai before art which have an 

elliptical, almost flattened shape after radial expansion 

of the tube 12. 

[0027] InthiserrtxxSn^ttotubUw^ 

a f ret eUtrical shape, illustrated by reference numeral 

13A In which the largest width of the eOptical tubules 

13A has a radal orientation Mo a second effipbcai 

shape, fflustrated by reference rwmeraJ13B in which the 

Isig^wio^ of the elliptic^ 

m o ri ent ati on 

10028] Referring now to fig. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubules 15. wherein two pairs of tubules at opposite 
sides of the tube 14 are Inter connected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape eg. 
around a reef ing drum (not shown). 
[0029] When tie tube 14 is then unreeled torn the 
reeling drum it can be brought into a cyinoYical shape 
by e guide funnel (not shown). I the tube 14 Is to be 
used inside a wel or inside another tJxiar the cyflndri- 
caJ tube His then reeled into the wetfoore or t>e interior 
of the other tubular and expanded for exari^ by pump- 
tog a high pressure fluid Into the interior 17 of the tube 
14. 

[0030] The inrtjalfy flattened tube configuration shown 
in fig. 4 allows an easy storage and transport of the 
tube 14. eg. on a small diameter reeling drum, during 
tie manufacturing stage and during transport from the 
mariutacturing site to the she where the tube 14 is to be 
used. 

10031] figures 5,6.7 and 8 srow yet another ernbod- 
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iment of the datormabie tube acconing to the invention 
in which the tubules 18A. B hm a toroidal shape in 
order to make the tuba 19 axiairy oeformable- 
[0032] The tube 19 shown in Rg. 5 can be a produc- 
tion tiner in a compacting oil or gas bearing tormation, s 
where aa shown in cfetafl m Rg, 6 the toroidal tubules 
18A have a substanttaly cyfWrlcalshapa Intiieoorfi^ 
uraiion shown in Fig. 7 the tube 19 has axialty con- 
tracted so that its length is 18% shorter than its original 
length shown in Fig. & 10 
[0033] AsaresiAortiea^oontnx^oftheejbe 
19tr»tLtoJes188shomiinFig.7h^ 
into an efl pticaJ shape* as is shown in more detail in fig. 
8. 

[00341 RofamnQrwtofig.9there«sta*naU>e n 
20wt^ise3siafKledwahinawe»iofi 21 crdhorcav- 
I* 

[0035] The tube 20 has a wall that comprises six 
tubules 23. 24. 25. 2a 27 and 28 which extend in an 
axial <* hel ical cxrt ^ " 
axis 29 of the tube 20. 

[0038] Adjacent 61x^8623.24, 25. 26. 27 and 28 are 
intercotmectod atongt>eirlengti by elongate weids 32. 
Plastic hinges 22 are located h the walla of the tubules 
23-28 at berth sides of each weW 32. a 
[00371 The unexpended tube 20 is shown at the cen- 
tre of the drawing- The six unexpended tubules 23-28 
each have the form of a pie sector and only aminor gap 
80 la present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into so 
the gaps 30 which win induce the tube 20 to expand until 
the watte of the tubules 23-28 are stretched andtorthe 
outer walls of the tubuJas 238-28B are pressed against 
the weitxxs21. 

[0038] The vc4urne-sfidert tube c^^ * 
in Fig. 9 Is attractive I tie tube 20 is to be Inserted Into 
the weSxxe 21 via a narrow excess, such as a small 
cSameter preoption tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded «o 
tubules 23B-288 is relatively small so fiat H the walls at 
the outer drajmference of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a retativery targe volume of flukfe is eoueezed 
from the intend dthetiAules 23-28 into the surround- 45 
tog annuhaancWor formation. 
10039] inlhiswayareiaih^lfljgBVoajmeofasea^ 
agent and/or treatment flukl can be injected into the 
annul ut s ui ro u ncSng the tube 20 andfor the formation 
31 8urrounolnglhewefcore21. « 
[00401 The externally permeable tube 20 is very suit- 
able to Inject treatment fluids into an underground for- 
motion 31 which comprises afong the length of the 
weflbore 21 layers of varying permeability. If the outer 
walsofthe tubules 23-28 have a sigrxncanilylc^ fluid a 
permeability than the surrounding formation 27. then, 
as soon as the outer wan of the tubules 22B-26B is 
pressed against the weiEbore 21. a relatively constant 



flux of treatment fluid wil be squeezed into the various 
surrounolng formation layers so Ihat^nskof injecfion 
of aeatment fkjid mainly into the permeable formation 
layers and by-passing of less pernieable layers b mW- 
mized. 

mo41] Hir>etube20i8usedasatre«trrwntf)uidlni^ 
ten tod then the outer watts of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner walls of the tubules 23-28 which face the interior 
30 of 1he tube 30 may be made of an impermeable rub- 
ber. After Injection of toe treatment fluids the pressure h 
the Werior 30 of 1he tube 20 may be reduced so that f» 
tube 20 racfcalfy contracts and can be rerncved from the 
borehole 

[0042] instead of slowing the tube 20 to contract after 
fluids have been injected into the fonnebon the tubs 20 
may be allowed to harden In the expanded position 
against the weflbore 21 by Imp re g na tin g the fabric or 
other material with a slowly curing epoxy or other plastic 
comp<>s*oas©triatthe^ 
as a we* frier. 

[00431 The tube 20 and the tube cccfguraSor* shewn 
in Rg*. 1-4 may also have walls that are made of asieve 
mattrial. *\ thai case the tube may be expanded by an 
expansion cone or by a balloon that Is inflated tn the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
wails of tubules is mainly bent and not or hardly 
stretched the sieve opening size wfll remain fairly con- 
stant during the expansion process. The expended tube 
of sieve material then serves as a f Iter that prevents 
sand and other solid materials to enter the weflbore 21. 
[0045] Theradialy expandaJble tobe 20 and trie other 
racUfiy expendable tube configurations shown in Figs. 
1 -4 may abo be made of tubuiee 23-28 which are made 
of a fluid impermeable material, such as steel which 
orty deforms if the pressure in the intend 30 of tie tube 
exceeds a pre-eet level. In that case the tube may be 
instated as a production tubing which serves as a 
cowrie biow^ preventer whk*e^ 
of the annufus surrounding the production tubing H a 
blowout occurs. The radially expandable tube configu- 
ration shown In Rg. 9 can also be used as a dril string. 
In that case driftng mud is pumped through the interior 
of the tubules 23A-28A during drifting. At the end of a 
driifing cycle high pressure f kid Is Injected into the »nte- 
rior 30 of the tube 20 so tiai fie tube 20 is expended 
against the borehole wall 21 and forms a Wng of the 
weflbore and the dr» bit and cfowniwle motor assernbly 
is puled to the surface by a wireline or colled tubing 
passtag trough the interior 30 of tho tube 20 and also 
serves as an expansion cone. 
[0046] H only minor expension of the tube is required 
then the wall of the tube may be provioedvvith only one 
or a few axial or hefcea! tubules. 
[00471 H me waJb of *>e tube 20 or to other racial* 
expandable configurations are made of a rubber or 
other elastically deformabie material then the expanded 
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tube may serve as a high expansion packer or bridge 

[0048] ft wil be understood thai II the tubuses are ori- 
ented in an axial direction a radiafty deformafjle titoe wfl 
be obtained. If thatubule6 era oriented in a circumferen- 
tial (fraction aa shown In Flos. 5-8 then an anafly 
detormabie tube wiD be obtained. 
10049J If the tutxies are oriented in a heficai direction 
the tube will be cteformatole both in anal and racial 
directions and the pitch angle of the heical configura- 
tion of to tubules wH then infkience the degree in 
which the tube is anatty or radially deformat*a. 
10060] Fig. 10shc^tcontlgun^whereatub«4O 
comprises a wall that consists of a series of anal folda- 
bletixJes41. 

{0051] If the tubules 41 am made of steal then tiey 
are ttarcomectod aide by aide along their length by 
anal welds 42. Each tubule 41 cornprtsaa at the outer 
ut u m fca enc a of the eixe 40 a single plastic hinge 43 
and at the inner oicurraertnce of tie tube 40 a set of 
four plastic hinges 44, 45, 46 and 47. Each of these 
plastic ranges 43-47 is formed by machining an anal 
groove in the inner and/or outer surface of the wall of the 
tubuie41. 

[0062] The set of tourpiastic hinges 4447 defines a 
wal segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 43 that 
faces the interior 49 of the tube 40. 
[0053] The tube 40 te expanded by pumping a prossu 
rued fluid into the interiors SO of the tubules 41 which 
causes the tubules Id unfold by hingfog about the plastic 
hinges 43-47 so ftal the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Asarasuftoftheunfold^ofthetubutes41the 
tube 40 obtaina a larger external and internal dameter. 
[0088] Fig. 11 shows another tube 51 which com- 
prises a wall that consists c4 a series of anaJ toWabie 

tubules 52. 

[0066] Iff the tubules 52 are made of steel then they 
are interconnected side by side along their length by 
anal waids 53. Each tubule 52 comprises both at the 
outer and the inner drcumference of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner andfor outer surface of the 
watt of each tubule 52. 
[0057] Each set of fcwrp^e^ hinge* 540 
segment where the tubules 52 can be folded hwardly to 
form a U- or date-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of tie tube 51 . 
[0058] The tube 51 te encoded by rjunpirig a pressu- 
rized fluid info the intenors 58 of the tutxies 51 which 
causes the tubules 52 to untold by hinging about the 
plasti c hinges 54 so that the tubules e«* obtain a cytin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the tubules the 
tube 51 obtains a larger external and trtemai diameter. 
[0060] Rg. 12 shews a foidable tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an anal tubule 61 and at upper side a set 
of tour plastic Nnges 62 that are formed by machining 
axial grooves in the outer or inner surface of the wall of 
foe tube 60. 

5 [0061] The tour plastic Nnges 62 define a delta- 
shaped recess 63 at the upper side of the tube 60 . when 
foe tube is in its folded shape. 
[0062] The tube 60 ie untokJod by pumping a pretsu- 
rized raid into the interior 64 c4 foe tube 60. This causes 

ie the tube to unfold in the direction of the arrows into the 
cylindrical shape which is illustrated by the broken fries 
60A The tubule 61 then acts as a plastic range and 
obtains aa a result of the unfolding of the tube 60 the 
eUpbcaf shape which teHlustratedbycroio3nlnes61A. 

15 (00631 The tutxie 61 is rnade of • r^asficafty oetorm- 
at*» material, such as a formable NgrMtangth tow- 
afroy or dual phase steel grade, which also provides 
ftodbflty to tie tube 61 h carurnrarefitial dascto 
fog the untokSng procedure. After tie urrfotfr* proce- 

30 dure a curing agent may be pumped into the interior 65 
of the eHtoticaJ tubute 61 A to reinforce the tobUe 61A. 
The«terior65ofthelubule61 may comprise electrical 
and/or hydrauic conduits for transmission of electric 
and/or hydmufic power andVbr signals along the length 

«5 of the lube. 

[0064] The embccRments of the deformablo tube 
shown in tte drawings provide a tube which can be 
deformed easily and which can be reeled on e reefing 
drum The tube can be unreeled from the drum and 

so ejected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed Inside the borehole or oti>er cavity by chang- 
fog tie tubular shape of one or more tubules in the wail 
of the tube. The deformation may involve nattering, 

55 ur*o*x>igc<c<rwdeforrra 

Claims 

1. A detormabfe tube having a wall which is at toast 
40 partly formed by a number of tubules, wherein at 

least one tubute is at least partly deformed in 
response to deformation of the tube. 

2. The deformatte tube of claim 1, wherein the weJ of 
45 the tube is at least panfy formed by a ser^ 

tubules which each extend h a direction substan- 
iaiiy paraJtet to a IcngtoJOlnal axis of the tube such 
that upon a radial deformation of the tube the anai 
tubules are at least party deformed. 

50 

3- The deformaWe tube of claim 1 , wherein the wal of 
the tube * at least parity formed by a series ol toroi- 
dal tubules which extend in a substantiaty circular 
direction around a longitudinal axis of the tube such 
55 that tfxxi axial o^mation of the tube the toroida* 
tubiies are at least party deformed. 

4. The deformable tube of daim 1 . wherein the wal of 
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the tube is at toast partly formed by one or more 
hefc^tiixieswr^ extend*^ 
cal direction with respect to a tongptutfnal a»eof 
the tube such that upon detormation of the tube ma 
direction which is oriented at an angle relative to a 5 
tongituf naJ drection of each of the helical tubutos. 
at least one of the heflcal tubutos Is at toast partly 
deformed. 

& The detormablatube of daim 1. wherein thewaflot fo 
the ate to at toast party formed by a number of 
substantially paraDet tubules which are arranged 
stie by side and are connected to each other. 

ft. The detarmaUe tube of daim 5. wherein the « 
tubules am made of metal and the sides of a pair of 
adjacent aJsules substantefly touch each other and 
era altered, welded, spot wetted, brand, bonded, 
or otherwise secured to each other. 

JO 

7. The deformabto tobe of daim 5, wherein the 
tubules are made of a plastic or etastomeric mate- 
ria) or a fabric and the sides of adjacent tubules 
substantially touch each other and are bonded to 
each other. » 

8. The detormable tube of daim 1, wherein before 
deformation of the tube the tubules have a substan- 
ttoly cylindrical shape and deform Into a substaiv 
tety elliptical or flattened shape in response to x> 
deformation of the tube 

9. The defbrmabte tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tiafty prismatic shape and deform into a subatan- * 
tiafy flattened shape in response to deformation of 
the tube, 

10. The detormable tube of daim 1, wherein the 
tubules contain at the outer periphery of the *i>e <o 
operings or weak spots which open up as a result 

of the defor ma tion process such that one or more 
fluids are squeezed from the interior of the tubules 
into the space surrounding the tube 

45 

11. Thodetormabletube of daim 10. wherein thefluids 
that are squeezed from the interior of the tubules 
contain one or mora chemicals, such as compo- 
nents of a liquid cement slurry, compona * of a 
curing agent or a chemical treatment Ittd so 
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